Systemic lupus erythematosus (SLE) is chronic autoimmune disease with various autoantibodies, which are involved in tissue damage. Fc gamma receptors (Fcγ Rs) bind the constant region of the immunoglobulin G and transmit stimulatory or inhibitory signal to immune cells. The FcγR genes map to 1q23, a susceptible locus for SLE. We have screened single nucleotide polymorphisms (SNPs) in one of FcγR gene, FcγRIIB, which is the only inhibitory receptor, after considering gene map and reported SNPs. There were 3 SNPs in FcγRIIB: 10849 T>C (rs1050501) in exon 5 and 10950 T>G (rs6666965) and 11045 G>T (rs12117530) in intron 5 in Koreans. The frequency of the minor allele (T) of rs12117530 was significantly higher in SLE patients (50 patients, 20.4%) than healthy controls (17 patients, 12%, p = 0.041). Leukopenia occurred more frequently in SLE patients carrying the minor allele (T) of rs12117530 (p = 0.032). Among 5 haplotypes, the frequency of decreased complement was significantly lower in SLE patients with haplotype 1 [TTG] (p = 0.045). Nephritis, lymphopenia and anti-dsDNA antibody were significantly less frequent in SLE patients with haplotype 2 [TGG] (p = 0.046, p = 0.018, p = 0.002, respectively). The frequency of thrombocytopenia and anti-dsDNA antibody was significantly higher in SLE patients with haplotype 3 [CTG] (p < 0.001, p = 0.04, respectively). These data reveal that genetic polymorphisms within Fcγ RIIB are associated with disease susceptibility and phenotypes of SLE in Koreans. Furthermore, FcγRIIB rs12117530 polymorphism (T allele) may be an important risk factor in SLE.
Introduction
Systemic lupus erythematosus (SLE) is a prototype autoimmune disease with a genetic predisposition and environmental or immunoregulatory triggering factors, which lead to chronic systemic inflammation (Tsao 2003; Rahman and Isenberg 2008) . Different approaches with various validations have been tried for genome-wide association study to identify the novel susceptibility region for SLE, and 13 major cytogenetic locations show significant linkage to SLE (Nath et al. 2004 ). Among them, eight SLE susceptibility regions have been replicated independently using lupus phenotypes only (Nath et al. 2004; Rhodes and Vyse 2008; Harley et al. 2009 ). These include 1q23, 1q41, 2q37, 4p16, 6p21, 11p13, 12q24, and 16q13.
Fc gamma receptors (FcγRs) are hematopoietic cell surface glycoproteins, which bind the Fc portion (constant region) of the immunoglobulin G, and transmit stimulatory or inhibitory signals to immune effector cells. FcγRs play an important role in the pathogenesis of autoimmune diseases (Salmon and Pricop 2001) . These receptors regulate various humoral and cellular immune responses including activation of B cells, transcriptional regulation of cytokine expression, antibody-dependent cellular cytotoxicity, and immune complex clearance with phagocytosis (Nimmerjahn and Ravetch 2006; Brown et al. 2007) . FcγR genes map to 1q21-23, a linkage locus for SLE. Humans have 5 lowaffinity FcγRs, termed FCGRs, encoded by FCGRIIA, FCGRIIB, FCGRIIC, FCGRIIIA, and FCGRIIIB. FCGRIIB is the only inhibitory FcγR, which contains an immunoreceptor tyrosine-based inhibitory motif (Smith and Clatworthy 2010) and is possible candidate gene for SLE (Kyogoku et al. 2002; Magnusson et al. 2004; Chen et al. 2006) . Serum concentrations of C-reactive protein (CRP) in humans are indicative of inflammation and pathological progression of an infection. However, we reported there is little or no increase in CRP levels in non-infectious inflammation of SLE (Suh et al. 2001 (Suh et al. , 2006 . Additionally, we found that a -390 C>A or T polymorphism within the CRP promoter region might be involved in the regulation of CRP expression and the susceptibility of SLE in Koreans (Kim et al. 2009a) . CRP is also known to bind to FcγRs (Stein et al. 2000) .
Therefore, we tried to identify single nucleotide polymorphisms (SNPs) within FCGRIIB, determine their frequency in Koreans, and evaluate their significance in the susceptibility and clinical phenotypes of SLE.
Materials and Methods

Subjects
Two hundred forty-five SLE patients and 142 normal controls (NCs) were enrolled from Ajou University Hospital. All SLE patients satisfied at least four criteria in the 1982 revised American College of Rheumatology classification criteria for SLE (Tan et al. 1982 ) and the patients were excluded if they were younger than 18 years-old. Information on the medical history, clinical symptoms, physical examinations, and laboratory results was registered in a database from the onset of the disease by reviewing the medical records and interviews. The NCs, older than 18 years-old, were chosen from the general population using a screening questionnaire to indicate that there is no history of autoimmune disorders. All subjects participating in this study were ethnically Korean and gave their informed consents. The study was approved by the Institutional Review of Board.
DNA isolation
Genomic DNA was extracted from whole blood using the QuickGene DNA whole blood kit S (Fujifilm Life science, Tokyo, Japan) according to the manufacturer's instructions.
Identification and genotyping of SNPs in FCGRIIB
Forty patients with SLE and 40 NCs were enrolled for screening an SNP. After considering gene sequence of FCGRIIB published in the National Center for Biotechnology Information and single nucleotide polymorphisms (SNPs) reported in the database of SNP, we chose the gene region to be screened for possible SNP in Koreans. A region of FCGRIIB located between intron 4 and intron 6 was amplified by PCR with Amfisure PCR Master Mix (GenDEPOT, Barker, TX, USA). The following primers were used for amplification and sequencing: intron 4 ~ intron 6 forward primer: 5′ TGGAGA AACCTCGGTAAGCA 3′, reverse primer: 5′ TTGGGTGGCCCC TGGTTCTCA 3′. Potential polymorphisms of FCGRIIB were screened by direct sequencing (Bionics Co., Seoul, Korea). We considered a mutation as an SNP if a minor allele frequency was greater than 5%. Follow up genotyping was performed for SNPs detected in FCGRIIB using direct sequencing (Bionics Co., Seoul, Korea) in an additional 205 patients with SLE and 102 NCs.
Statistical analysis
The genotype frequency was tested for significant departures (Barrett et al. 2005) . Linkage disequilibrium between loci was measured using the absolute value of Lewontin's /D′/ and r 2 (Hedrick 1987) . Statistical analyses were conducted using SPSS version 12.0 software (SPSS Inc., Chicago, IL, USA).
Results
Clinical characteristics of the study subjects
The mean age of SLE patients was 30.4 ± 8.6 years, and 89.4% of them were women ( Table 1 ). The mean age of NCs was 29.7 ± 5.7 years, and 89.4% of them were women. Clinical features of SLE patients were as follows in order of decreasing frequency: arthritis (72.2%), oral ulcer (53.1%), rash (37.6%), lupus nephritis (LN, 25.7%), and serositis (14.3%).
Genotype frequencies of FCGRIIB
The genotype distributions of all polymorphisms within FCGRIIB were consistent with Hardy-Weinberg equilibrium for patients with SLE and the NCs ( p > 0.05). Based on a minor allele frequency of greater than 5%, three SNPs within FCGRIIB were identified: 10849 T>C (rs1050501) in exon 5 and 10950 T>G (rs6666965) and 11045 G>T (rs12117530) in intron 5. The allele and genotype frequencies of the FCGRIIB polymorphisms are provided in Table 2 . In the rs12117530 polymorphism, the genotype frequency of the minor allele (T) of patients with SLE was significantly higher than that of the NCs (codominant model; p = 0.047 and recessive model; p = 0.041).
Haplotype frequencies of FCGRIIB
Linkage disequilibrium between SNPs was examined locus by locus. The three polymorphisms identified in FCGRIIB were not in linkage disequilibrium, and five common haplotypes for these polymorphisms were constructed using Haploview software: haplotype 1 (HT1) [TTG] (Fig. 1 ). There was a trend of differences observed in the frequency of HT1 [TTG] between SLE and NC groups (recessive model; p = 0.050) ( Table 3) .
Associations between SLE phenotype and SNPs
The clinical characteristics according to genotype are summarized in Table 4 . The frequency of leukopenia was significantly higher in SLE patients carrying the minor allele (T) rs12117530 than those not ( p = 0.032).
The clinical characteristics according to the haplotype are summarized in Table 5 . Among 5 haplotypes for these polymorphisms, the frequency of decreased complement was significantly lower in SLE patients with HT1 [TTG] ( p = 0.045). The frequency of LN ( p = 0.046), lymphopenia ( p = 0.018), and anti-dsDNA antibody ( p = 0.002) were significantly lower in patients with HT2 [TGG] . The frequency of thrombocytopenia ( p < 0.001) and anti-dsDNA ( p = 0.04) were significantly higher in patients with HT3
[CTG].
Discussion
Many genetic association studies have been performed amongst human populations with SLE, and various genes encoding proteins with regulatory or adaptive functions in the immune system have been considered as candidates for such studies (Tsao 2003; Nath et al. 2004; Croker and Kimberly 2005; Rhodes and Vyse 2007) . To date, results of several genome-wide association studies suggest that the major histocompatibility complex, FcγR, CRP, programmed Values are mean ± S.D. or n (%). SLE, systemic lupus erythematosus; NC, normal control; Ab, antibody. Each p value was calculated with co-dominant (co), dominant (do), and recessive (re) models. Logistic regression analysis was applied to control for age and sex as covariable. q.: minor allele frequency.
SLE, systemic lupus erythematosus; NC, normal control; OR, odds ratio; CI, confidence interval.
cell death 1, signal transducer and activator of transcription 4, and integrin alpha M genes show significant evidence of linkage to SLE (Rhodes and Vyse 2008; Harley et al. 2009; Hellquist et al. 2009 ).
In the present study, we evaluated the association of genetic polymorphisms in FCGRIIB with SLE in Koreans. We have identified three SNPs (rs1050501, rs6666965, and rs12117530) in FCGRIIB. In the rs12117530 polymorphism, the genotype frequency of the minor allele was significantly higher in SLE patients than in the NCs. There was a significant difference in the observed frequency of HT1 [TTG] between patients with SLE and the NCs. In addition, several clinical manifestations were associated with the haplotypes of FCGRIIB: decreased complement (HT1), LN, lymphopenia and anti-dsDNA antibody (HT2), and thrombocytopenia and anti-dsDNA antibody (HT3).
Association of FcγR genes with various diseases in Korean populations have been previously reported, such as (Song et al. 1998; Yun et al. 2001; Lee et al. 2002; Lee et al. 2003) , adult onset Still's disease (FCGRIIA H/R131, FCGRIIIA F/ V176, and FCGRIIIB NA1/NA2) (Oh et al. 2002; Woo et al. 2009 ), and ischemic stroke (FCGRIIA rs7511868, rs6427595, rs7512140, and rs6696854) (Kim et al. 2009b ).
In a study of FCGRIIA polymorphisms, there were no significant differences in the observed genotype frequencies between SLE patients and NCs (Song et al. 1998 ).
However, there was a significant decrease in the FCGRIIA H131 genotype and H131 allelic frequency in patients with LN. Yun et al. (2001) identified that FCGRIIA R131 homozygote was a major predisposing factor for SLE and LN, and H131/V176 was a protective allele combination in LN. However, FCGRIIA was not associated with Chinese (Yap et al. 1999) and Japanese SLE (Hatta et al. 1999; Sato et al. 2001) . FcγR IIB is the only inhibitory receptor with immunoreceptor tyrosine-based inhibitory motif, which inhibits activating signals in immune cells (Smith and Clatworthy 2010) . Because FcγR IIB is an important regulator of B lymphocytes, it is expected to be involved in the pathogenesis of SLE. Direct evidence for the role of FcγR IIB in SLE is that FcγR IIB-deficient mice develop SLE-like dis- ease (Bolland and Ravetch 2000) . In addition, the FcγR IIB-expressing retrovirus transfection in bone marrow cells of F1 mice (NZB x NZW) prevent autoimmunity (McGaha et al. 2005) . Furthermore, decreased expression of FcγR IIB is reported in memory B cells of SLE patients (Mackay et al. 2006) . The possible association between FCGRIIB polymorphisms and Korean SLE has not been studied. Therefore, we evaluated the potential association of genetic polymorphisms of FCGRIIB with SLE in Koreans.
We have identified three SNPs within FCGRIIB, rs1050501, rs6666965, and rs12117530 in Koreans. The rs12117530 polymorphism was significantly associated with SLE. We found that the minor allele (T) of the rs12117530 polymorphism was associated with significantly higher disease susceptibility. Moreover, SLE patients carrying the minor allele (T) of rs12117530 suffered from leukopenia more often. The frequency of decreased complement was significantly lower in patients with HT1. The frequency of LN, lymphopenia and antidsDNA antibody were significantly lower in patients with HT2. Thrombocytopenia and anti-dsDNA were more common in patients with HT3. These results suggest that the disease phenotype is more common in SLE patients carrying the minor allele (GT or TT) of rs12117530 polymorphism than those carrying the major homozygous genotype (GG). The FCGRIIB rs12117530 polymorphism might play an important role in lupus development. This is the first study to indicate that an intronic genetic polymorphism located within FCGRIIB rs12117530 is significantly associated with SLE.
Of the three SNPs identified, the most frequently investigated polymorphism is rs1050501, which codes for a non-synonymous substitution, Ile232Thr polymorphism in the transmembrane domain of the FCGRIIB gene. Several genetic association studies of FCGRIIB have been reported in different ethnic populations with SLE, including Japanese (Kyogoku et al. 2002) , Thais (Siriboonrit et al. 2003) , Chinese (Chu et al. 2004; Chen et al. 2006; Pan et al. 2008) , and Swedish (Magnusson et al. 2004) .
In the present study, however, the rs1050501 genotype was not associated with Korean SLE. Our FCGRIIB rs1050501 genotype result was consistent with that of Chinese (Chu et al. 2004) and Swedish (Magnusson et al. 2004 ) results. However, in a study on Chinese patients, although genotype frequencies of rs1050501 were not significantly different between SLE and NCs, allele carrier frequency of FCGRIIB 232T was also significantly increased in patients with LN (Chu et al. 2004 ). Another Chinese family-based association study showed that the FCGRIIB 232T was significantly associated with genetic susceptibility to SLE (Pan et al. 2008) . In studies of Japanese and Thai populations, the frequency of the FCGRIIB 232T/T genotype was significantly increased in SLE patients than in the healthy individuals (Kyogoku et al. 2002; Siriboonrit et al. 2003) . Most studies of Asian SLE populations showed association with rs1050501 of the FCGRIIB gene, which is not associated with SLE in Koreans. These data demonstrate that genetic variations in SLE are related to the ethnic background.
Our study has few limitations. First, this study was performed in a single population of patients without replication. In addition, the studied population was relatively small, which likely prevented identification of small differences in the genetic susceptibility to SLE. Therefore, further studies with larger populations are required to confirm these results. Second we did not evaluate the functional effects of the rs12117530 polymorphisms. Further studies should be designed to address the functional effects of rs12117530 polymorphisms.
In conclusion, we have identified three SNPs within FCGRIIB in Koreans. Our data suggest that genetic polymorphisms within FCGRIIB may be associated with disease susceptibility and phenotypes of SLE in Koreans. In particular, rs12117530 polymorphism of FCGRIIB is possibly an important risk factor in the development of lupus.
